Evaluation of the cytotoxic mechanisms mediated by the broad-spectrum antitumor alkaloid acronycine and selected semisynthetic derivatives.
Acronycine (I) is a broad-spectrum antitumor agent whose development as a clinically useful agent has been hindered, in part, due to its poor solubility characteristics. With the goal of acquiring information that may prove of value in the development of structurally related compounds of greater clinical utility, mechanistic studies were performed with acronycine (I) and two semisynthetic derivatives, 2-nitroacronycine (II) and acronycine azine (III). These three substances demonstrated cytotoxic activity with several human tumor cell lines (breast, colon, lung, melanoma, KB-3, and drug-resistant KB-V1). Compounds II and III demonstrated greater activity than I, and more detailed studies were performed with cultured human breast cancer cells (UISO-BCA-1). Acronycine azine (III) induced the cells to accumulate in the G0/G1 phase of the cell cycle. It effectively inhibited the in vitro catalytic activities of partially purified DNA and RNA polymerases in a manner that was competitive with respect to DNA substrate. As judged by spectrophotometric titration, compound III interacted with calf thymus DNA, calf liver RNA, and a variety of single- and double-stranded (deoxy)ribonucleotides. Although no nucleic acid base specificity was discernable, this interaction appeared to be related to the cytotoxic mechanism of this dimeric substance. Monomeric compounds I and II did not interact with nucleic acids, but were effective inhibitors of DNA and RNA synthesis as judged by in vitro systems comprised of cultured UISO-BCA-1 cells or homogenates derived from these cells. The relative inhibitory activities of compounds I and II correlated with their cytotoxic activities suggesting a causal relationship. In addition, these two compounds induced cultured cells to accumulate in the phase of the cell cycle wherein the DNA content ranged from 2n-4n (S + G2/M), and inhibited in vitro DNA and RNA synthesis in a manner that was competitive with respect to nucleotide (TTP or UTP) substrate. Compounds I and II demonstrated greater cytotoxic activity with drug-resistant KB-V1 cells as compared with the parent (drug-sensitive) cell line, whereas this was not the case with compound III. Based on these results and previous literature reports, compounds I, II and III are likely to function by multiple mechanisms of action. However, it appears that alteration of nucleic acid metabolism is key to the activity of each of the substances.